cute stroke is the third leading cause of death and a leading cause of acquired disability in industrialized nations. The presence of hyperglycemia and diabetes mellitus (DM) more than doubles the risk of ischemic stroke, and strokes experienced by diabetics are associated with a worse outcome. [1] [2] [3] [4] Oral sulfonylurea (SU) use is common among diabetics, and these drugs have 2 potential mechanisms for neuroprotection. They bind to the SU receptor 1 in pancreatic ␤ cells to enhance insulin secretion by inhibiting adenosine 5Ј-triphosphate-dependent potassium channels, thereby improving glycemic control. SU receptor 1 also regulates a nonselective cation (NC Ca-ATP ) channel, which is expressed in the central nervous system under ischemic conditions. [5] [6] [7] Adenosine 5Ј-triphosphate depletion triggers NC Ca-ATP channel opening, instigating oncotic cell death and cytotoxic edema. 8 Poststroke administration of SUs has been shown to block NC Ca-ATP channels and to decrease mortality, infarct volume, and cerebral edema in a rodent model of stroke without a substantial hypoglycemic effect. 7 Human data on SUs in acute stroke are sparse and conflicting. In 1 observational human study, patients with DM who were taking SUs before stroke onset experienced no significant neurological improvement compared with those not on these agents. 9 More recently, a small cohort of patients with stroke with Type 2 DM who were taking SUs appeared to experience greater clinical improvement than those who were not taking SUs independent of glycemic control. 10 In this cohort, no long-term follow-up data were collected, and moderate to severe strokes (initial National Institutes of Health Stroke Scale [NIHSS] Ͼ9) were excluded from the analysis. Consequently, the influence of preischemic SU use on initial stroke severity could not be assessed.
The potential role of SUs as neuroprotective agents deserves further investigation. The aim of the current study was to explore the potential neuroprotective effect of prestroke SU use among patients with DM. The Virtual International Stroke Trials Archive (VISTA) database provides a large cohort for analysis and systematically collected outcome data, which was not available in previous studies. We hypothesized that use of a SU drug before stroke onset would convey clinical benefit as measured by lower initial stroke severity and improved long-term functional outcome.
Patients and Methods
We analyzed the data from a prospective cohort comprised of individuals with DM enrolled in nonreperfusion ischemic stroke trials within VISTA. Subjects with DM were included from any placebo arm as well as any therapeutic arm that found no effect, defined as PϾ0.30 for an individual trial, or PϾ0.10 in a subsequent meta-analysis of trials for a particular agent. Inclusion was dependent on availability of data describing demographic features, comorbidities, baseline medication use, baseline deficit (NIHSS), and outcome (modified Rankin Scale [mRS]) data up to 90 days postenrollment.
Exposure was defined as second-or third-generation SU (glipizide, gliclazide, glibenclamide/glyburide, gliquidone, glibornuride, metahexamide, gliquidone, and glimepiride) use before stroke onset. The patient must have reported use of 1 of these agents at baseline before stroke onset to be included in the SU group. The prespecified control group was comprised of all remaining diabetic patients, and additional comparisons were made specifically with those on no medication for DM and those on any non-SU medication for DM.
A secondary analysis was performed on the patients taking a SU before stroke onset to assess the effect of continued SU use. For this analysis, patients who continued SUs for Ն3 days after stroke onset were allocated to the treatment group. Patients who discontinued SUs on hospitalization were allocated to the control group.
Patients taking a first-generation SU (acetohexamide, chlorpropamide, tolbutamide, tolazamide, and carbutamide) were excluded from the analysis. Such drugs are rarely prescribed, and they are associated with higher incidences of drug-drug interactions, hypoglycemia, and other complications as compared with second-and third-generation drugs. 11 Additionally, first-generation drugs have a much lower affinity for the SU receptor 1, 12 limiting their potential benefit in acute stroke.
Baseline patient characteristics, including age, sex, ethnicity, smoking status, history of stroke, transient ischemic attack, myocardial infarction, atrial fibrillation, ischemic heart disease, congestive heart failure, hypertension, and current medications (insulin, statin, aspirin, metformin), were extracted from the VISTA database. Patient characteristics pertaining to initial hospital presentation, including NIHSS score and blood glucose level, were also extracted. Finally, patient outcome data were extracted, including the mRS score at 30 and 90 days, NIHSS score at 90 days, and mortality at 90 days.
Our primary outcome measures were (1) baseline NIHSS score; and (2) 90-day mRS score. Generalized ordinal logistic regression models were used to compare these outcomes between patients with and without SU exposure, adjusting for age, sex, and race/ethnicity. Additionally, baseline NIHSS score was included as a stratification factor in the analyses after initial presentation, categorized as Յ10, 11 to 15, 16 to 20, or Ն21. For comparison with other studies, we also used the nonparametric Cochran-Mantel-Haenszel approach using modified ridit scores. 13, 14 We analyzed dichotomized 90-day mRS scores by comparing the proportion of patients with an mRS Ͼ2 at 90 days by SU exposure using logistic regression at the time of adjusting for age, sex, race/ethnicity, and baseline NIHSS score.
Secondary outcome measures were 30-day mRS score and NIHSS score at 90 days, which were analyzed with the same approaches as the primary outcomes.
Additionally, primary and secondary outcomes were compared between patients with any DM medication exposure and patients with no DM medication exposure.
All analyses with the exception of the Cochran-Mantel-Haenszel tests were done with Stata/SE 10.0 (StataCorp, College Station, Texas). Cochran-Mantel-Haenszel tests were done with SAS Version 9.2. Associations were considered significant at the PϽ0.05 threshold.
Results
A total of 1050 patients with DM and acute ischemic stroke met the eligibility criteria. Two hundred ninety-eight (28%) were using a second-or third-generation SU before stroke onset, and of these, 150 (50%) were taking glibenclamide/ glyburide, 70 (24%) gliclazide, 37 (13%) glimepiride, 34 (11%) glipizide, and 7 (2%) gliquidone. Of the remaining 752 (72%) subjects, no medication was used by 578 (77%), insulin by 76(10%), a non-SU oral glucose-lowering medication by 87 (12%), or a combination of insulin and non-SU medications by 11(2%).
Subjects in the treatment group were similar to all control subjects with respect to most demographic and medical history characteristics (Table 1) , but hypertension and smoking were more prevalent among all control subjects and those not using any DM medications. Furthermore, individuals using no DM medication reported less aspirin use. Baseline glucose levels were similar in all groups.
Subjects taking a SU before stroke onset had lower baseline NIHSS scores compared with those on no DM medication but similar scores as those on at least 1 DM medication (Table 2; Figure 1 ). SU use before stroke onset did not influence mRS score or mortality at 90 days compared with the overall control group nor compared with the subsets on no medication or on other DM medications (Table 2; Figure 2 ). Dichotomized analyses of 90-day mRS scores (Ͼ2 versus Յ2) and NIHSS scores (Ͼ1 versus Յ1) were similar to the ordinal regression models without evidence of any significant impact of SU agents at 30 or 90 days.
Among the 28 subjects who used SUs before stroke and continued use during at least the first 3 days of hospitalization, there was no significant difference in 90-day mRS score (OR, 0.62; 95% CI, 0.31 to 1.27) or mortality at 90 days (OR, 0.29; 95% CI, 0.06 to 1.37) when compared with SU users who discontinued their medication on hospital admission, although the point estimates appeared favorable.
After adjusting for age, sex, and race/ethnicity, baseline NIHSS score was higher among those without any DM treatment compared with patients using any DM medication (Table 3) . Similarly, those not using any DM medication experienced higher NIHSS scores at 90 days. A marginally larger proportion of patients not using any DM medication experienced worse outcomes as measured by the mRS score Ͼ2 at 90 days. Use of aspirin at baseline was not associated with severity or outcome, and adjustment for aspirin use in the multivariable models had no substantial impact on the ORs of any other parameter.
Detailed analyses of the impact of non-SU DM medications were not prespecified but were performed to determine if the findings comparing any DM medication with no medication implicated a specific drug or a generalized effect of DM treatment. These analyses may be limited due to the lower frequency of use of these agents. Compared with no DM medication, prestroke use of metformin or insulin was associated with lower baseline NIHSS scores and trends toward better outcomes at 90 days ( Table 4 ). The estimates of effect size were similar for SU, metformin, and insulin.
Discussion
The present study suggests that use of SU drugs before stroke onset does not influence long-term functional outcome among diabetic patients. Patients with prestroke SU use may have presented with less severe stroke compared with those on no medications for diabetes, but no sustained effect was observed nor was there a difference when compared with patients on any other diabetes medication. One previous report 10 suggested a beneficial effect of SUs in a small cohort, but another similarly small study did not. 9 The present study offers several methodological advantages over these prior observational studies. 9,10 First, our results are derived from prospective trials with standardized assessments and meticulous data monitoring, providing extremely high-quality data Values are reported as median (interquartile) for categorical variables or as percentage for dichotomized variables. All P values were calculated using ordinal logistic regression (and Cochran-Mantel-Haenszel test) for categorical variables or logistic regression for dichotomized variables. Analyses of baseline NIHSS were adjusted for age, sex, and race/ethnicity. Analyses of all outcomes at 30 and 90 days were also adjusted for baseline NIHSS. Note that higher ORs reflect worse outcomes for subjects on no DM medications compared with any DM medications.
and a substantially larger sample than both prior studies combined. This allowed us to demonstrate that SUs had no advantage over other commonly used DM medications. By comparing SUs with other agents, this study was better able to assess a class effect from any glucose-lowering agent. This is particularly relevant because patients who were on no medication fared worse than those on any DM medication such that a direct comparison of SUs with this completely untreated group could lead to erroneous conclusions about a specific effect of these agents. Additionally, our study examined widely accepted, clinically meaningful outcome measures, including the mRS at 90 days, which is commonly used in stroke trials, 15 as well as the NIHSS and mortality at 90 days. Our results were also concordant across all outcomes, strengthening our conclusions.
As the first prospective study to address the effect of SU use on stroke severity and outcome, the current study provides important insights into this relationship; however, there are several limitations. A remarkable finding in our study was that patients not on medical therapy for DM had more severe strokes and had worse clinical outcomes when compared with those treated with any DM medication. This was also noted in the report by Kunte et al, and although our study confirms this result, there may be substantial confounding, particularly with regard to DM severity, duration of disease, or disease control. Diabetic patients who are treated with diet alone should theoretically have less severe DM than those who require medical therapy. One possible explanation for our finding is that those who are not on medical treatment had more poorly controlled DM and are not treated because of poor adherence, impaired access to care, and/or overall poor health. Another is that those patients on no medication had worse glycemic control in the early phase of their stroke, which contributed to worse outcome. In the current study, there was no significant difference between blood glucose levels on admission between groups, but a single random glucose level is not an adequate assessment of DM severity. Furthermore, few diabetic complications were specified at baseline in the VISTA database, precluding adjustment for this potential indicator of DM disease control. Given the wellestablished association between uncontrolled DM and increased stroke risk/severity, 1,2 it seems likely that patients who were not on medical therapy had poorly controlled DM. Unfortunately, DM severity and duration cannot be directly addressed in this study or any of the previous studies of SU use in stroke. Future prospective studies looking at DM treatment and stroke outcome should incorporate measures of DM severity such as hemoglobin A1C and time since diagnosis of diabetes. This study does not directly address whether SU agents are neuroprotective when given after stroke onset, as demonstrated in animal experiments. 7, 16 However, these drugs have long serum half-lives and prolonged systemic activity with serum glucose-lowering effects that last Ͼ24 hours. 17, 18 Exposure to such agents before stroke should permit reliable drug distribution and provide preischemic neuroprotection. During ischemia, vessel occlusion and impaired cerebral perfusion may prevent the drug from reaching tissue at risk, thus limiting its potential efficacy. It therefore seems unlikely that acute poststroke SU treatment would be beneficial if no effect is observed in patients who are pretreated. However, SU receptor 1 expression is elevated up to 8 hours after the onset of ischemia, 7 and the ideal time window for SUmediated neuroprotection remains unknown. Sustained drug exposure poststroke may be necessary to achieve clinically relevant neuroprotection. Kunte et al reported a benefit to SU use when administered both before stroke onset and during the hospital course, but they did not assess the impact of prestroke exposure alone and did not systematically or prospectively address long-term outcome. Weih et al noted that 57% of their treatment group (prior SU use) continued oral SU use during hospitalization, but this was not further addressed in the analysis. 9 We attempted to address this in a secondary analysis of patients with prior plus continued SU use. No significant effect was observed, but only 28 patients (of 298 on a SU) continued use in the hospital, severely limiting the power of this subgroup analysis. We were also unable to address the impact of drug doses and other pharmacokinetic parameters in this study.
The current study also does not address the potential relevance of stroke subtype on the impact of SUs. The incidence of stroke subtypes differs between diabetics and nondiabetics. 19 Stroke subtype has been shown to influence both functional outcome and survival. 20 Furthermore, it was previously reported that only nonlacunar strokes significantly benefitted from SU use. 10 It has been hypothesized that nonlacunar strokes may have greater benefit as a result of increased collaterals and improved cerebral blood flow with reduced edema. 7, 10 We had insufficient data regarding subtypes to address this issue, which may confound our results.
In summary, in a large prospective cohort, SU use before stroke onset did not affect functional outcome when compared with other DM treatments or with no treatment. However, patients who were not using any medication to control their DM presented with more severe strokes and experienced worse long-term outcomes than those on any DM treatment, which could reflect a general effect of DM drugs or differences between groups in DM severity, duration of disease, or stroke subtype. Future studies evaluating DM treatment and stroke are warranted to further characterize this relationship. Stroke studies in general should include reliable measures of DM severity and disease control in the analysis and account for possible differences in stroke subtype between groups. Values are reported as median (interquartile range) for categorical variables or as percentage for dichotomized variables. All P values were calculated using ordinal logistic regression (and Cochran-Mantel-Haenszel test) for categorical variables or logistic regression for dichotomized variables. Analyses of baseline NIHSS were adjusted for age, sex, and race/ethnicity. Analyses of all outcomes at 30 and 90 days were also adjusted for baseline NIHSS. Note that higher ORs reflect worse outcomes for subjects on no DM medication compared with any DM medication. Values are reported as median (interquartile range) for categorical variables or as percentage for dichotomized variables. All P values were calculated using ordinal logistic regression for categorical variables or logistic regression for dichotomized variables. Analyses of baseline NIHSS were adjusted for age, sex, and race/ethnicity. Analyses of all outcomes at 90 days were also adjusted for baseline NIHSS. Note that higher odds ratios reflect worse outcomes for subjects on each medication specified compared with no DM medications.
